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diffusion, a function of the weak competences of local firms.
Findings support the hypothesis that major academic institutions lie at the heart of innovation ecosystems, but impacts are mostly local, happening more strongly at the level of cities. While the formation of human capital also contributes to innovative output, its impacts are of minor relevance as compared to higher education institutions that achieve excellence in research. This poses severe challenges for policymakers when targeting the formation and enhancement of initiatives to develop innovative ecosystems, particularly for peripheral areas. First, these regions are not likely to reap substantial benefits from proximity to successful hubs. Beyond that, creating local conditions is not as straightforward as sometimes announced in political discourse. In this regard, some fundamental vectors are not easily manipulated in the short-term and there seems to be fundamental importance attributed to long-term, evolutionary conditions. Such is the case for high-quality universities. U niversities can be perceived as institutions that shape research activities, create a supply of qualified labor, and generate and diffuse knowledge across socioeconomic systems [Clark, 2004; Etzkowitz, Leydesdorff, 2000] . Accordingly, they function as agents involved in regional development through direct and indirect contributions to productive structures [Mowery, Sampat, 2005] . It is within this context that the concept of the 'entrepreneurial university' has gained ground [Etzkowitz, 1998 [Etzkowitz, , 2004 . Following this rationale, universities' contributions to society go well beyond scientific investigation and teaching activities, but also incorporate market-oriented initiatives into the academic mission. Such a perspective places an emphasis upon university-industry interactions, research contracts, consultancy, patenting, and licensing of research results, as well as academic entrepreneurship [Bercovitz, Feldman, 2006; D'Este, Perkmann, 2011; Perkmann et al., 2013] . In this regard, literature underscores the key role performed by these institutions within the context of innovation ecosystems. The main impacts are attributed to the supply of human capital [Benneworth, Hospers, 2007; Youtie, Shapira, 2008] , collaborative research with industry leading to an upsurge in patenting, co-patenting, and scientific publications [Cowan, Zinovyeva, 2013; Hong, 2008; Jaffe, 1989; Fritsch, Slavtchev, 2007; Wal, Boschma, 2009] , and a spawning of new, knowledge-intensive businesses [Agrawal, Cockburn, 2003; Feldman, 2001; Saxenian, 2006; WEF, 2013] . Consequently, academia does not only enhance capabilities in incumbent firms, but also is responsible for creating entirely new enterprises [Collini, 2012] . However, these effects are geographically bounded as they are connected to the industrial structure of each region, the characteristics of its firms, the patterns of existing connections among agents, and the intrinsic traits of individual universities [Agrawal, Cockburn, 2003; Bercovitz, Feldman, 2006; Buesa et al., 2006] . Hence, it is not the mere presence of universities that drives the consolidation of innovation ecosystems [Brown, 2016] . 'Soft' infrastructure, consisting of dynamic relationships involving universities, research institutes, firms, and other support institutions is necessary. These are the conditions needed for the generation of human resources that fit regional needs as well as for the accumulation and transfer of knowledge [Buesa et al., 2006] . Given these conditions, this article aims at addressing universities' impacts upon the output vectors of localized innovation ecosystems. We want to further understand the extent of academic contributions to these productive structures. Additionally, we also focus on the distinct geographical units in order to assess the spatial reach of such effects. In order to accomplish these goals, we assess data from the State of São Paulo, Brazil. The application of the empirical model comprises data coming from 645 cities and 43 microregions observed throughout the period of 2002-2014. As indicators of innovative ecosystems' output, we look into patents and utility models, software production, and the emergence of knowledge-intensive entrepreneurship (KIE) activity. Estimations control for other vectors of interest, including market size, agglomeration economies, localization economies, local infrastructure, and internationalization. Findings support the proposition that major academic institutions lie at the heart of innovation ecosystems, but impacts are mostly local, happening more dramatically at the level of cities. This research is relevant as it pertains to an emerging economy. Besides the scant available evidence on innovation ecosystems located outside developed economies, dealing with a developing country also means we are addressing an analytical unit in which universities play a key role in terms of knowledge production and diffusion, which is a function of the weak competences of local firms. Hence, in nations that lag behind in innovation activities, universities can be understood as institutions capable of leveraging aggregate competitiveness thus shaping the conditions for the catching-up processes [Mazzoleni, Nelson, 2007; Suzigan, Albuquerque, 2011; Suzigan et al., 2009] .
Innovation Ecosystems
The growing importance attributed to innovation as a mechanism of economic development has generated a large body of research that aims at understanding how agents and their respective patterns of interaction are related -and how, ultimately, they can boost innovative capabilities. One approach of key interest within this sphere deals with the dynamics of Regional Systems of Innovation. These local units are defined as systems "in which firms and other organizations are systematically engaged in interactive learning through an institutional milieu characterized by embeddedness" [Cooke et al., 1998 [Cooke et al., , p. 1581 . Regional Systems of Innovation, or innovation ecosystems as they have been addressed more recently, are characterized by innovative activities that rely on collaborative arrangements between firms and local institutions, including universities, research institutes, technology transfer offices, sources of funding, and others. Within this context, innovative culture and policy are fundamental drivers in setting the conditions for interactions [Asheim, Isaksen, 2002; Cooke et al., 1997; Doloreux, 2002; Doloreux, Parto, 2005] . This (eco)systemic nature of the relationships can only arise in local contexts where the productive Innovation and Economy (knowledge exploitation subsystem) and the knowledge (knowledge generation subsystem) structures are engaged in processes of interactive learning [Clarysse et al., 2014; Cooke, 2001; Jiao et al., 2016] . Hence, innovation ecosystems/regional systems can be understood as dynamic systems, possessing an inherently social character and being composed by the interaction of its subsystems [Cooke, 2005; Uyarra, 2010] . The main argument behind this rationale is related to the idea that the generation and diffusion of innovations, as well as entrepreneurial activity, are shaped by the local infrastructure, its externalities, specialized services, and levels of trust involved in relationships between agents. In its turn, these dynamics lead to localized economic development [Alvedalen, Boschma, 2017] . One of the key aspects in this debate concerns the existence of multidimensional contexts, which are dependent upon the interactions among agents (non-linearity), characterized by systemic relationships and bound by historical trajectories that lead to spatially constrained learning processes. This latter proposition is a function of the fact that networks of interaction are fundamentally embedded in local productive structures since geographical proximity is a key determinant of knowledge sharing [Agrawal, Cockburn, 2003; Asheim et al., 2011] , especially those of a tacit nature [Leydesdorff, Fritsch, 2006; Cooke, 2008] . Hence, spatial proximity, the existence of common institutions, along with formal and informal mechanisms forging trust in relationships, facilitate effective knowledge flows [Asheim, Coenen, 2005; Cooke, 2001; Jackson, 2011; Uyarra, 2010; Wal, Boschma, 2009] . In addition, the diffusion of knowledge between firms is also influenced by other elements, such as the distinct learning trajectories and capability building processes of firms [Boschma, 2005; Breschi, Lissoni, 2009; Doloreux, 2002; Dosi, 1988; Giuliani, 2013] . Furthermore, the spatial proximity is of utmost relevance for establishing interactions with universities and research institutes [Fritsch, 2001; Fritsch, Slavtchev, 2007; Moodysson et al., 2008; Uyarra, 2010] , making the case for academic units to be considered the 'anchors' of innovation ecosystems, which foster aggregate competitiveness at the local level [Xu et al., 2017] . This situation underscores the importance assigned to universities as central agents in the processes of knowledge absorption and diffusion within regions, furthermore they also connect agents to external systems and reduce the risks of lock-in [Fritsch, Schwirten, 2006] .
Universities at the Heart of Innovation Ecosystems
Universities are agents that generate and diffuse knowledge as well as promote regional development through its connections with the socioeconomic environment [Jiao et al., 2016; Poods et al., 2010] . Accordingly, these academic institutions lie at the heart of innovation ecosystems, feeding the local environment with qualified labor, interacting with local businesses, generating patents (and licensing these patents) and new ventures, attracting investments from incumbents, and acquiring and disseminating external knowledge [Benneworth, Hospers, 2007; Bercovitz, Feldman, 2006; Fritsch, Schwirten, 2006; Galan-Muros, Davey, 2017; Harrison, Leitch, 2010; Youtie, Shapira, 2008] . These activities endow universities with an entrepreneurial character, including market-related initiatives [Etzkowitz, 1998 [Etzkowitz, , 2004 Siegel, Wright, 2015] . As already outlined, spatial proximity matters when accounting for the impacts of universities upon the dynamics of innovation ecosystems [Hong, 2008; Jiao et al., 2016] , a function of the high levels of tacit knowledge involved in the knowledge flows between academia and industry [Fritsch, Schwirten, 2006] . Illustratively, Ács et al. [Ács et al., 2002] note that the effects of academic R&D in the United States are circumscribed within a radius of roughly 75 miles. Fritsch [Fritsch, 2005] corroborates with these findings, pointing out that university-industry relationships in Europe are essentially local. Such effects are magnified when the analytical subject concerns academic spin-offs, where the location of new ventures is closely connected to the location of universities [Asheim et al., 2011; Harrison, Leitch, 2010] . The role attributed to universities in the dynamics of innovation ecosystems is even more critical when the focus is directed towards the context of developing countries [Chen, Kenney, 2007; Cowan, Zinovyeva, 2013] . In these countries, universities stand out as influential agents in the process of technological improvement and catch up [Jiao et al., 2016; Li, 2009; Youtie, Shapira, 2008] . This happens as a consequence of the low levels of innovative capabilities embedded in firms, making academia a strategic source of information, knowledge, and innovation . However, this is far from representing a deterministic prerequisite for universities' contributions to innovation ecosystems. Even if its local presence can be interpreted as a prerequisite for regional systems of innovation [Bercovitz, Feldman, 2006; Hong, 2008] , other elements of technological infrastructure and the very quality of universities' research capabilities are indispensable for knowledge flows to occur and confer itself and other agents with enhanced competitiveness [Cowan, Zinovyeva, 2013] .
Universities' Spillovers
Patents are recognized by the literature as a key area of interest when analyzing the economic impacts of universities at the local level. Accordingly, the generation of intellectual property seems to be positively affected by academic expenditures on research activities [Jaffe, 1989] . Agrawal and Cockburn [Agrawal, Cockburn, 2003 ], Cowan and Zinovyeva [Cowan, Zinovyeva, 2013] and Li [Li, 2009] observe the existence of a 'co-location' effect between overall patenting activity in a given technological domain and the existence of strong academic research in the same domain in the same region. Buesa et al. [Buesa et al., 2010] identify universities as determinants of per capita patenting activity. Moreover, patent deposits performed by firms have a high propensity of citing academic publications that are produced in the same area, highlighting the spatial boundedness of these connections [Hicks et al., 2001] . In turn, the generation of academic spin-offs can also be deemed an important source of economic impact arising from universities within the context of innovation ecosystems [Bercovitz, Feldman, 2006; Chen, Kenney, 2007; WEF, 2014] . Following this rationale, the importance of academic entrepreneurship as a mechanism of research commercialization has received increasing attention from the literature on entrepreneurial universities [Galan-Muros, Davey, 2017] . Since new ventures are mostly embedded within the social context, their creation often takes place within ecosystems where universities have established connections with other agents [Alvedalen, Boschma, 2017] . Furthermore, universities can be considered the key drivers in instituting and developing new knowledge-intensive firms, as identified in the case of Beijing [Chen, Kenney, 2007] . In this way, universities take on a double function, interacting and collaborating not only with incumbents, but also giving birth to new enterprises [Collini, 2012] . Therefore, we expect knowledge-intensive entrepreneurial activity to be significantly influenced by the local presence of academia within innovation ecosystems in emerging economies following recent evidence
Methodological Procedures and Data
A first step in our assessment consists of assembling an empirical model aimed at testing the role of universities in shaping the capabilities of innovation ecosystems. As shown in our theoretical background, the underlying hypothesis of this model must reflect the expectations that academic institutions function as central agents within the local and regional dynamics of innovative activity [Asheim et al., 2011; Autio, 1998; Bercovitz, Feldman, 2006; Clarysse et al., 2014; Cooke et al., 1997; Diez, 2000; Guerrero et al., 2016; Mazzoleni, Nelson, 2007] . To this end, we propose the following analytical structure:
(1)
Where represents any given output of innovation ecosystems in location 'i' in time 't' . α is a constant. stands for universities' impacts upon the outcomes with elasticity β. The term determines the aggregate behaviour of controls and other potential sources of influence on with a combined elasticity θ. The main effects here can be associated with local market dynamics, the infrastructure, and level of internationalization (see Table 1 for a description of operational variables). is the model's error term. The application of the empirical model comprises data coming from 645 cities and 43 microregions 1 in the State of São Paulo observed over the course of 13 years (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) . This geographic scope justifies city-level analysis as an adequate subject for the evaluation of innovation ecosystems [Qian et al., 2013] , but the expansion of the analysis can offer insights into the spatial reach of universities' influence on innovative performance. The complete set of analytical variables is depicted in Table 1 . Our outcome variable, Y, is assessed through three different indicators aimed at generating a multidimensional perspective of innovation ecosystems, namely: (i) patents and utility models; (ii) software production; and (iii) knowledge-intensive entrepreneurship (KIE) activity. While the first two variables are straightforwardly represented by traditional intellectual property statistics, KIE activity is approximated by the number of PIPE projects within a city/region in a given year. This program is an initiative from FAPESP (the research funding agency of the State of São Paulo) to support innovation in small enterprises, resembling the structure and objectives of the Small Business Innovation Research (SBIR) program in the United States 2 . We estimate the model for KIE including transformed (binary) Innovation and Economy forms of patenting activity and software production, as these indicators can feed entrepreneurs with inputs for firm-level innovation 3 .
Our main target concerns the contributions made by high-quality academic universities as influential agents within innovation ecosystems. In order to achieve robust results, the corresponding indicators of these institutions were differentiated based upon the following: (i) the presence of at least one campus of a high-quality university; and (ii) the presence of a 'system' of high-quality university campuses, i.e., presence of two or more units of these institutions at the city/regional-level. The use of dummy variables follows the analytical approach found in [Fischer et al., 2018a; Alcácer, Chung, 2007] . The focus on toptier institutions is based upon [Laursen et al., 2011] . The operational definition of high-quality universities was built upon institutions located in the State of São Paulo and appearing in the Scimago ranking 4 . Non-university institutions were excluded. We also excluded universities that did not consistently qualify for the ranking. We interpreted this situation as an indicator of 'shaky' quality. If an institution entered the ranking and remained on it for at least four years in a row, we added it to the sample as a high-quality university beginning with its first year of inclusion. This procedure allows us to add universities that have demonstrated improved quality over the period of study. Furthermore, some institutions and campuses began operations after the initial year of the analysis, so we controlled effects to state either when the campus began its operation (in the case of being a campus belonging to an institution already identified as high quality) or, in the case of a new institution, when it achieved 'high-quality' status according to the defined parameters. In total, we have a sample of fifteen high-quality universities located in 37 cities and 25 microregions. In order to verify the robustness of our procedure, we cross-checked our sample with data from the São Paulo Research Foundation (FAPESP) Grants and Scholarships database. The locations selected as having high-quality universities corresponded to the group of relevant cities/microregions in terms of research funding. We complemented this analysis with the variable Enrollment in HEIs. While this indicator somewhat overlaps with the presence of high-quality universities, it better reflects the overall supply of an educated workforce, not necessarily capturing academic research and its associated effects. This allows us to address the impacts arising from both academic research and teaching, thus offering a comprehensive picture of universities' impacts upon innovation ecosystems. Ancillary variables (included in the vector Ω) control for market size (GDP, Population), agglomeration economies (Population Density), localized economies (Location Quotient of Knowledge-Intensive Activities -LQ KIA 5 ), local infrastructure (Infrastructure Investments, Energy Consumption
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, and Incubators & Science Parks), and internationalization (Trade). Although not exhaustive, these indicators offer a comprehensive set of controls for the performance of innovation ecosystems. Concerning our evaluation strategy, as we are dealing with small numbers given the city/year structure of our analysis, analyses were carried out with General Linear Models for count data. Given the presence of overdispersion in the sample for both cities and microregions, Negative Binomial approaches were applied. Continuous variables were addressed via natural logs to simplify the interpretation of the results.
Results
Before dedicating our attention to an analysis of the results of the evaluative models, we present the descriptive statistics (Tables 2 and 3) for the cities and microregions according to variables' natural structures (without logarithmic transformations). A noteworthy aspect in the dataset's structure concerns the number of zeros in some variables. This is of particular relevance for a city-level analysis. Such an outcome in this situation can be the generation of missing values that significantly reduce the sample for econometric estimations, although it still leaves us with a substantial number of observations for analytical purposes. We begin our assessment with an evaluation of the results at the city-level. In line with the hypothesis presented in this paper's theoretical background, the presence of high-quality universities yields positive Innovation and Economy and significant effects for all three dependent variables included in our calculations. This is valid for both variables representing these institutions (High-Quality University and High-Quality University System). These results seem to confirm the existence of a 'co-location' effect in terms of universities' spillovers as observed by [Agrawal, Cockburn, 2003; Cowan, Zinovyeva, 2013; Li, 2009] regarding the generation of patents. Additionally, we found evidence that an academic presence demonstrates heightened relevance as a driver of entrepreneurial activity [Bercovitz, Feldman, 2006; Chen, Kenney, 2007; Galan-Muros, Davey, 2017; WEF, 2014] . Interestingly, for software developments and KIE activity, the coefficient associated with the presence of at least one major university is greater than the effects from the existence of a system (at least two) of such institutions. Even for the case of patenting activity, the difference is not substantial. This is an interesting indicator of the role played by even one preeminent, research-oriented university within the city-level dynamics of innovation ecosystems. In any case, the impacts of these universities present a dominant behavior respective to most of the other variables included in the calculations.
Complementarily, when we address the levels of Enrollment in HEIs, it becomes clear that the impacts arising from the provision of an educated workforce can be beneficial for the local innovation environment. However, these effects are much more limited than those expected for high-quality academia. At least this seems to be the case for the State of São Paulo, Brazil. This situation highlights the strategic importance of major universities as research hubs that can improve the generation of knowledge and the emergence of new, innovation-driven firms. A general evaluation of the other variables included in the calculations renders some noteworthy findings. For instance, agglomeration economies associated with the population density seem to be present for patenting activity and software production, in line with the extant literature on the geography of innovation (e.g. [Florida, Mellander, 2014] ). However, these effects do not drive entrepreneurial activity, which supports recent evidence in the field [Fischer et al., 2018b] . Another area of great relevance concerns the existence of a support structure of local businesses in knowledge-intensive activities, a marked signal of localized economies as drivers of innovation ecosystems' capabilities [Delgado et al., 2010] . In turn, the incubators and science parks seem to play an important role in shaping local conditions for innovative output. Surprisingly, the levels of city-level internationalization are weakly related to the dependent variables, with the exception of patenting activity. Infrastructural conditions also perform as expected, providing innovation ecosystems with the necessary operational platforms, nonetheless, this is valid solely for the proxy Energy Consumption.
Turning to the analysis of microregions, we notice that effects associated with our three universityrelated variables (Enrollment in HEIs, High-Quality University, and High-Quality University System) are significantly diminished as compared to findings observed for the city-level analysis. Still, some significant impacts can still be observed, but with consistently reduced coefficients. This carries with it theoretical and methodological implications. From the perspective of theory, it implies that geographical spillovers are frail and that higher education institutions' impacts upon innovation ecosystem dynamics are mostly constrained to the level of cities. From a methodological point of view, this means that analytical approaches to these ecosystems should be directed toward these smaller geographic units.
Innovation and Economy
Per the remaining variables, some changes can be noted. Remarkably, the role of GDP is inverse to what was noticed in the previous step of the assessment. Latent agglomeration economies associated with population density vanish. This can be considered an expected outcome, as the benefits from agglomeration are likely to be weaker when larger areas are under scrutiny. Localized economies continue to play an important role, underscoring the strategic weight of a support business structure. In turn, infrastructural conditions lose importance, except for the specific case of business incubators and science parks. Again, internationalization levels perform poorly as drivers of output within the realm of innovation ecosystems.
Conclusions
In this article we have assessed the role of universities in shaping the dynamics of innovation ecosystems within the context of a particular developing country, Brazil. In order to do so, we designed an empirical approach that tests the relevance of the presence of high-quality universities in a given location as well as the overall supply of a qualified workforce (regardless of the quality of the alma mater). We then evaluated three outcome vectors of innovative activity, namely: patenting activity, software development, and knowledge-intensive entrepreneurship. Drawing on data from the State of São Paulo, we found consistent indicators that major academic institutions lie at the heart of innovation ecosystems, thus corroborating the 'anchor' hypothesis outlined in [Xu et al., 2017] . While the formation of human capital also contributes to innovative output, its impacts are of minor relevance compared to higher education institutions that achieve excellence in research. These results highlight not only the importance of universities in structuring successful ecosystems, but it also demonstrates that encouraging research at such institutions can have pervasive impacts upon socioeconomic development at the local level. Yet, there remains the challenge of further integrating academia into the markets of Brazil. Achieving closer interactions between universities and commercial systems can boost technological innovation and, consequently, catch-up dynamics [Caraça et al., 2009; Cohen et al., 2002; Jiao et al., 2016; Li, 2009] . However, in the Brazilian context, these interconnections still suffer from institutional and market deficiencies [Fischer at al., 2018a] . Improvements in the conditions and incentives for these interactions, as we have demonstrated, can prove to be a fruitful strategy for the Brazilian Innovation System. Interestingly, our empirical approach suggests that such effects are mostly circumscribed to cities, which suggests that larger regions might not be adequate geographic units for evaluating innovation ecosystems' development [Audretsch, Belitski, 2017; Bruns et al., 2017; Qian et al., 2013] . This finding emphasizes the importance of spatial proximity [Fritsch, Schwirten, 2006] , but it also draws attention to the geographical limits of innovation spillovers. These conditions bring significant implications for the way in which innovation policies at the regional level are addressed, given that connections among ecosystems' dimensions seem to happen within restricted areas. This poses severe challenges for policymakers when targeting the formation and enhancement of innovation ecosystems, particularly for peripheral areas. First, as outlined by our findings, these regions are not likely to reap substantial benefits from proximity to successful hubs, if that is even the case in the first place. Beyond that, creating local conditions is not as straightforward as sometimes announced by policymakers. Establishing incubators and science parks is good, but such initiatives are only part of ecosystems' structures. In this regard, some fundamental vectors are not easily manipulated in the short term and there seems to be fundamental importance attributed to long-term, evolutionary conditions. Such is the case for high-quality universities. These institutions cannot be simply instated in a given location by fiat, as new campuses may take an extensive amount of time to mature into preeminent schools and research centers. Complementarily, leading institutions are not likely to open new units indefinitely, which consequently leaves many locations without the key presence of these drivers of innovation at the local level. We expect our contributions to generate further research on the role of academia in shaping the dynamics of innovation ecosystems of developing countries. While case studies and econometric analyses exist for developed economies, there are few approaches dealing with the reality of relatively laggard systems, where the connections between the necessary agents are still immature . Avenues for future studies should include additional and alternative qualifications for the presence of a university, as well as a deep dive into the qualitative nature of academic research as a driver for innovative activity at the city level. These studies will help in creating a body of knowledge that can feed the policymaking process with more informative insights than those generated by anecdotal evidence collected from dissimilar contexts.
